Abstract  Heavy metal pollution is an environmental issue globally and the aim of this study was to isolate endophytic fungi from mangrove wetlands of Sarawak to assess and test their ability to grow in the presence of various heavy metals (copper (Cu), zinc (Zn), lead (Pb), and chromium (Cr)). Samples of Nypa fruticans were collected from Kuching Wetland National Park (KWNP) for subsequent endophyte isolation. Ninety-three (93) isolates were obtained and assessed and the most resistant isolates (growing at concentrations up to 1000 ppm) were identified using fungal primers ITS 1 and ITS 4. All of the endophytic fungi were identified to be closely related to Pestalotiopsis sp. and this is to our knowledge the first study reporting the ability of Pestalotiopsis sp. to grow at high concentrations of copper, lead, zinc and chromium. Our results highlight the potential of using endophytic fungi for the treatment of heavy metal pollution, for example as biosorbents.
Introduction
Heavy metals are released in many areas near urban complexes, metalliferous mines or major road systems due to the rapid growth of industrial activities and technological development (Alloway et al. 1995) . The current pattern of industrial activity has led to a continuous increase of heavy metal discharge into the environment including cadmium, lead, chromium, copper and nickel (Hemambika et al. 2011 ). This will eventually cause the soil, surface waters, ground water and sediments to be contaminated and become toxic, and inevitably cause a significant threat to human health.
In Malaysia, agriculture, manufacturing industry, sewage and vehicle emissions have been the main contributors of heavy metal pollution. According to Shazili et al. (2006) , studies have shown that the sediments of the Juru River in Penang have been polluted with Pb (117 µg g -1 dry wt.) and Zn (483 µg g -1 dry wt.), while the Langat River in Negeri Sembilan was found to be highly polluted with Zn (71-374 µg g -1 dry wt.) and Cd (3.0 -37.9µg g -1 dry wt.). According to Nriagu (1980) , Pacyna (1986) and Nriagu and Pacyna (1988) , Pb was emitted globally into water at 138 thousand metric tons, Zn was emitted at 226 thousand metric tons, while Cr and Cu were emitted at 142 and 112 thousand metric tons in the 1980s, respectively. This clearly shows that heavy metal pollution has been one of the major environmental problems not only locally but globally for the past years.
Several conventional physico-chemical approaches have been used for the removal and treatment of heavy metal pollution sites such as electrochemical treatment, ion exchange, precipitation, reverse osmosis, evaporation and sorption (Kadirvelu et al. 2002; Luo et al. 2010) . However, these methods are reported to be uneconomical and ineffective and often result in incomplete metal removal, high reagent and energy requirements and generation of toxic sludge (Hemambika et al. 2011) . Bioremediation on the other hand offers a promising and economical option to treat heavy metal in contaminated sites (Iskandar et al. 2011) . One of the processes, biosorption, involves the removal of Article metal ions by organisms through solid-liquid separation (Yang et al. 2012 ) and has received much attention because it has several advantages such as being highly efficient in removing heavy metal from diluted solutions (Kapoor et al. 1999; Cruz et al. 2004; Fan et al. 2008) . Studies have reported that both living and non-living biomass can be used as biosorbent and show a high potential in sequestering heavy metal ions (Arica et al. 2001; Bayramoglu et al. 2002) . Some biosorbents, however, display a narrow range in binding and collecting certain types of metals (Volesky and Holan 1995) and more studies are needed in order to discover novel biological resources that can act as biosorbents.
Wetlands are known for their high ion-exchange potential. In Peninsular Malaysia, a study has been conducted to assess the capacity of mangrove plants which are within the range of oil palm plantations, rubber and human settlements to take up heavy metals (Nazli and Hashim 2010) . This study reported that the mangrove species Sonneratia caseolaris exhibits tolerance towards heavy metals by storing Cu, Pb, Cr and Zn in its leaves without showing any sign of injury. Endophytes are ubiquitous in all plant species on earth and while there have been a considerable amount of studies on their ability to produce bioactive compounds (Wiyakrutta et al. 2004; Guo et al. 2008; Kjer et al. 2010) , there are very few on the potential use of endophytes for the treatment and removal of heavy metals. Li et al. (2010) reported that endophytic fungi can be used for phytoremediation or bioremediation at contaminated sites and Yang et al. (2012) described the screening for potential biosorbents in endophytic fungi isolated from the marine environment and reported promising results.
The aims of this study were to (1) screen and isolate endophytic fungi from Nypa fruticans collected in the Kuching Wetland National Park and to (2) assess their resistance to grow under elevated concentrations of Cu, Zn, Pb, and Cr.
Material and Methods

Study site
Samples were collected on the 19 th September 2013 in Kuching Wetlands National Park (KWNP), at Ramsar Convention sites. KWNP is an estuarine ecosystem located in western Sarawak and receives saltwater from the South China Sea and freshwater from two rivers, Sungai Salak and Sungai Sibu Laut. In total, 16 stations were sampled, however, only five stations are discussed as the most heavy metal resistant endophytes were found there (see Fig. 1 ).
In-situ parameters
Basic physical parameters such as pH, temperature, turbidity and salinity were measured and recorded in-situ at every station using an YSI Multiprobe. Triplicate measurements were undertaken to increase data accuracy. Water samples at each site were taken using a Van Dorn water sampler and brought back to the laboratory for analysis of nutrients and total suspended solids (TSS).Whole frond of Nypa fruticans from every station were cut into three (3) parts; upper, middle and lower and taken back to the laboratory for the isolation of endophytic fungi.
Ex-situ parameters
Nutrients analysis
All the bottles for nutrient analysis were acid washed prior to sampling. In order to minimise the use of water samples, samples used for this analysis were obtained from the filtered water of TSS analysis. Nutrients examined were Nitrate (NO 3 ), Ammonia (NH 3 ) and Orthophopshate (PO 4 2-) using Cadmium Reduction method, Salicylate method, and PhosVer 3 (Ascorbic Acid) method, respectively. Three (3) replicates were analysed for each station and nutrient using DR 2800 Spectrophotometer, according to Hach (2005) .
Total Suspended Solids (TSS)
Glass fibre filter paper (GF/C, 47 mm diameter) were prepared pre-sampling by soaking in distilled water and wrapped with aluminium foil for drying overnight in the oven at 103 -105°C. The filter papers were set for three (3) replicates of each site and the procedure to determine TSS was according to Standard Method APHA (1999).
Isolation of Endophytic fungi
Endophytic fungi were isolated from Nypa fruticans collected in Kuching Wetlands National Park, Sarawak, Malaysia. The leaves and stem of the Nypa fruticans were cut into smaller pieces and surface sterilized with 70% ethanol, 1% chlorox and rinsed with sterilized water (ElGendy et al. 2011 ) before placing them on Yeast Extract Glucose Chloramphenicol Agar (YGCA). Negative control plates were prepared by spreading the YGCA plates with the sterilized water used to rinse the Nypa fruticans. The plates were incubated at 25°C and observations were made daily. Once the growth of endophytic fungi was observed growing out from the parts of Nypa fruticans, the endophytic fungi were transferred periodically onto fresh Potato Dextrose Agar (PDA) plates. The endophytic fungi were sub-cultured several times until pure cultures of endophytic fungi were obtained. Pure cultures of endophytic fungi were stored in slant PDA in universal bottles and used for screening against heavy metals.
Screening of fungal isolates against heavy metals
Fungal isolates were screened against Pb, Cu, Cr and Zn starting at concentrations of 500 ppm on PDA plates supplemented with heavy metals, using Zinc (II) Chloride (ZnCl 2 ), Lead (II) Carbonate (PbCO 3 ), Copper (II) Sulphate (CuSO 4 ), and Potassium Chromate (K 2 CrO 4 ), respectively. For sterilization, PDA solutions were autoclaved and the heavy metals were filtered using a syringe with 0.22 µm syringe filter. The total of 93 isolates were transferred onto petri dishes containing PDA agar supplemented with 500 ppm concentration of specific heavy metals (Zn, Pb, Cu, and Cr) and allowed to grow for three (3) days at 25°C. The growth of isolates was observed and all isolates that were able to grow in 500 ppm were selected for screening in 1000 ppm concentration of the heavy metals under the same conditions. Isolates that were able to grow at 1000 ppm were identified using morphological and molecular methods.
Identification of endophytic fungi isolates
Morphological Identification
After 3 days of an incubation period on PDA, a sterile wire loop was used to transfer the isolates from the agar onto a microscope slide. Crystal violet was used to stain the endophytic fungi for easier and better visualization. The slides were then viewed under an inverted microscope and identification was based on fungal morphological keys (Maharachchikumbura et al. 2011; Jeewon et al. 2003; Steyaert, 1949; Guba, 1929) .
Molecular identification
DNA extraction
Fungal DNA was extracted for DNA amplification using the thermolysis method devised by .
Pure colonies of fungal isolates were added into 100 µl of sterilized water in a 1.5 ml microcentrifuge tube and centrifuged at 10,000 rpm for 1 minute to homogenize it. After centrifugation, the supernatant was discarded and 100 µl of the lysis buffer (50 Mm potassium phosphate, 1 mM EDTA, and 1% glycerol) was pipetted into the microcentrifuge tubes. The tubes were placed in a water bath at 85°C for 30 minutes and used for DNA amplification.
DNA amplification
The DNA amplification method for fungal DNA was conducted according to Onn (2010) . The fungal DNA was amplified using 0.6 µl fungal primers Internal Transcribed Spacer (ITS) 1 (5'-TCC GTA GGT GAA CCT GCG G-3') and 4 (5'-TCC TCC GCT TAT TGA TAT GC-3'), 12.8µl deionized distilled water, 15µl of 2X MyTaqRedMix and 1 µl of DNA template. The PCR conditions were set up as 95°C, 3 mins (Initial Denaturation); 95°C, 3 secs (Denaturation); 47°C, 30 secs (Annealing); 75°C, 2 mins (Elongation); 72°C, 5 mins (Final Elongation) and 4°C (Cooling). The PCR tubes containing the MasterMix and DNA template were amplified using Bioer Little Genius Thermocycler. The PCR products were run in 1% agarose gel electrophoresis (AGE) using 1X TAE buffer at 90 V for 45 minutes and visualised under UV transluminator.
DNA Sequencing and Pylogenetic tree construction
The PCR products were sent to Beijing Genomic Institute (BGI), China for nucleotide sequencing. The sequences obtained were analyzed against the NCBI (USA) database (Zhang et al. 2000 ) and a phylogenetic tree was constructed from genetic distance and bootstrap values calculated using MEGA5 (Tamura et al. 2011 ) (see Fig. 2 ).
Results
In-situ and ex-situ parameters
At all stations, both surface and bottom water were collected and analysed. The in-situ (pH, salinity, temperature, and turbidity) and ex-situ parameters (Total suspended solids, Orthophosphate, Ammonia and Nitrate) of each sampling station are summarised in Table 1 . Station 1 was located the furthest upstream and displayed the lowest turbidity at both surface and bottom, and the coldest bottom water compared to other stations (Table 1) . Station 5 had the highest total suspended solids (TSS) readings for both water levels on average (0.1 mg/L at the surface and 0.123 mg/L at the bottom; Table 1 ) and was located near to Kampung Salak where terrestrial input may exert additional selective pressure on the endophytic fungi. Station 7 was located between two parts of land masses and displayed the most varied water parameters among all stations, for example an abrupt drop of salinity in the bottom waters (between stations 6 -9; Table  1 ), as well as the highest concentration of orthophosphate of all bottom samples. Station 13 was near to Kampung Sibu Laut and had the most turbid waters (1561.07; Table 1 ). Station 15 was near to the most developed village in the area, Telaga Air, and had surprisingly low salinity around 10PSU despite receiving saltwater from the South China Sea (Table  1 and Fig. 1) . A possible explanation might have been the low tide and increased freshwater input at the time of sampling.
Identification and fungal screening against heavy metals
A total of 342 endophytic fungi isolates have been successfully isolated from Nypa fruticans sp. collected from Kuching Wetland National Park.
From the 5 stations selected, 93 isolates were successfully isolated from Nypa fruticans sp. and were screened against copper, chromium, lead and zinc. From the preliminary screening, there were eight fungi which showed different resistance patterns against at least three of the four chosen heavy metals (Table 2) .
All eight fungal isolates were closely related to Pestalotiopsis sp. (Fig. 2) . Based on Xu et al. (2009) , Pestalotiopsis sp. is reported to be an endophytic fungus and had been previously isolated from mangrove plants. Thus, the sequencing result correlates well with our data and proves that our isolates are endophytic fungi.
All eights isolates showed resistance against Pb and Zn up to 1000 ppm while only one isolate, 'A6', showed resistance against all four heavy metals, Pb, Cu, Cr and Zn at 1000ppm (Table 2) . 'A6' was collected at station 13, which is near to a village and had the most turbid water (Table 1) .
Discussion
Microorganisms such as bacteria, fungi, algae and yeast have been increasingly studied due to their metal sequestering property (Wang and Chen 2009) .
Based on previous studies, Pestalotiopsis microspora is known to produce taxol, an anticancer drug (Strobel et al. 1996) , however, there have been no reports on the use of Pestalotiopsis species as heavy metal removal agents. Most studies have been undertaken on filamentous fungal strains and mostly members from the genera Aspergillus, Fusarium, Humicola and Nannizzia have been reported to possess resistance against heavy metals (Iram et al. 2013; Ezzouhri et al. 2009; Valix et al. 2001) . Recently, several studies have reported a similar trend among endophytic fungi being able to resist several heavy metals such as copper, zinc and cadmium (Hong et al. 2010; Salvadori et al. 2013; Deng et al. 2014) .
The preliminary screening of resistance among our endophytic isolates against heavy metal showed that the order of tolerance of our isolates for metals was Cr < Cu < Pb <Zn (Table 2) . It can also be observed that as the concentration of the heavy metal increases, the growth of the isolates decreases (data not shown) which could be due to the fact that different heavy metals exhibit different toxicity to the different fungal isolates. According to Gupta et al. (2000) , microbial biomasses are reported to bind to several heavy metals to different extents. Some biomasses can bind to most heavy metals with no specific priority, while others can be selective towards certain heavy metals (Volesky and Holan 1995) . This could be due to the fact that various types of microorganisms have different cellular structures which contain several functional sites for ion metal binding (Wang and Chen 2009) .
Our preliminary results also revealed that various isolates which are of the same genera (Pestalotiopsis) and even matched to the same species Pestalotiopsis microspora did not exhibit the same tolerance towards the heavy metals. Isolate 'A2', which is closely matched with Pestalotiopsis microspora, is able to resist lead, zinc and chromium while isolate 'A7', which is closely related to Pestalotiopsis neglecta, is not able to resist chromium but can resist copper. The difference in metal tolerance may be due to the presence of various strategies of resistance mechanism exhibited by the fungi (Iram et al. 2013) . Fungal cell walls are typically composed of the polysaccharides chitin and cellulose and these constituents of the cell wall possess functional groups such as amino, carboxyl, hydroxyl and sulphate which have high metal binding capacities and are believed to have a significant potential for metal binding (Davis et al. 2003) .
Our preliminary screening results reported that Pestalotiopsis sp. has a higher resistance potential towards copper compared to bacterium Pantoea sp. (Ozdemir et al. 2004) in which the bacterial isolate was able to only resist at levels below 200 ppm of copper. However, higher heavy metal resistance of fungi towards chromium (up to 10,000 ppm) was reported by Congeevaram et al. (2007) and Faryal et al. (2007) reported Aspergillus niger strains that were able to resist lead up to 7000 ppm. Both studies isolated fungi from heavy metal contaminated environments, suggesting that the stresses of the environment towards the microorganisms play a major role in causing the fungi to resist heavy metals and adapt in order to survive. Endophytic fungi in this study, which were isolated from a mangrove environment, are also capable of resisting heavy metals up to high concentrations. One possible explanation could be that the nearby villages put external pressures on them; however, more detailed studies are needed to ascertain the cause for the observed high multi-metal resistance among our fungal isolates. Further studies are also needed to understand the mechanisms that enable our fungi to grow in heavy metal concentrations up to 1000 ppm.
Conclusion
Our preliminary findings indicate that endophytic fungi from the wetlands of Sarawak can grow at high heavy metal concentrations (up to 1000 ppm). This is to our knowledge the first report on their heavy metal tolerance and eight isolates (all related to Pestalotiopsis) displayed tolerance against a suite of heavy metals (Cu, Cr, Zn, and Pb) and have high potential to be screened as potential biosorbents. Further investigations are needed to assess their biosorption capabilities and determine such things as the proteins involved in the biosorption process, the most efficient contact time and optimum growth conditions.
